
Chapter Figure Number Page Credits Orientation

9 Fig. 9.9 231

Kyocera Industrial Ceramics 
Corp.urtesy of Kyocera Industrial 
Ceramics Corporation, Vancouver, 
WA (top)

9 Fig. 9.1 231
 Supplied by Morgan Technical 
Ceramics. (bottom)

9 Fig. 9.15 243 ∏ Taissiya Shaidarova/iStockphoto
9 Fig. 9.15 Courtesy Fiberite Corporation

10 Fig. 10.1a 249
Courtesy of Rolls-Royce 
Corporation, London, England. (left)

10 Fig. 10.1b 249
Courtesy of Rolls-Royce 
Corporation, London, England. (right)

10 Fig. 10.2a 250 Courtesy Ronald Kohser (left)
10 Fig. 10.2b 250 Trek Bicycle (right)
20 Fig. 20.16 550 Courtesy J T. Black

20 Fig. 20.18 551
Courtesy of Eugene Merchant at 
Cincinnati Milacron, Inc., Ohio

21 Fig. 21.11 582 Courtesy J T. Black
22 Fig. 22.1 609 Courtesy J T. Black
22 Fig. 22.3 610 Courtesy J T. Black

22 Fig. 22.7a 617
Courtesy Armstong Industrial Hand 
Tools (left)

22 Fig. 22.7b 617
Courtesy Armstong Industrial Hand 
Tools (right)

22 Fig. 22.9 619 Courtesy J T. Black
22 Fig. 22.1 620 ∏ Alvis Upitis/SuperStock

22 Fig. 22.13 625
George Gorton Machine 
Corporation

22 Fig. 22.15 626
Courtesy Armstong Industrial Hand 
Tools

22 Fig. 22.17 627
Courtesy Armstong Industrial Hand 
Tools (center)

22 Fig. 22.18 629
Courtesy of Speedi Tool Company, 
Inc (bottom)

22 Fig. 22.2 629 Courtesy of South Bend Lathe
22 Fig. 22.25a 633 Courtesy of South Bend Lathe
22 Fig. 22.24 Courtesy of South Bend Lathe
22 Fig. 22.26 634 Courtesy of South Bend Lathe
11 Fig. 11.5 274 Courtesy Ronald Kohser
22 Fig. 22.22
11 Fig. 11.8 275 Courtesy Ronald Kohser
11 Fig. 11.1 277 Courtesy Ronald Kohser
11 Fig. 11.12 279 Courtesy Ronald Kohser

11 Fig. 11.24 287
Copyright 2009, Giesseri-Verlag 
GmbH, DÅsseldorf, Germany

12 Fig. 12.1 292 E. Paul DeGarmo
12 Fig. 12.2 293 E. Paul DeGarmo
12 Fig. 12.4 294 E. Paul DeGarmo (left)



12 Fig. 12.5 294 E. Paul DeGarmo (right)
12 Fig. 12.6 295 E. Paul DeGarmo (top)
12 Fig. 12.7 295 E. Paul DeGarmo (bottom)
12 Fig. 12.11 299 E. Paul DeGarmo

12 Fig. 12.15 301
Copyright 2000 American Foundry 
Society 

12 Fig. 12.17 303
Courtesy Bodine Aluminum, Inc., 
St. Louis, MO

12 Fig. 12.19 305
Courtesey Roberts Sinto 
Corp./Shalco Systems, Lansing, MI

12 Fig. 12.21 308
Courtesy General Motors 
Corporation, Detroit, MI (top)

12 Fig. 12.23 308 E. Paul DeGarmo (bottom)
12 Fig. 12.24 310 E. Paul DeGarmo

12 Fig. 12.27 313
Courtesy Avnet Shaw Division of 
Avnet, Inc., Phoenix, AZ

12 Fig. 12.29a 316 Haynes International Inc. (top)
12 Fig. 12.29b 316 O Fallon Casting (bottom left)
12 Fig. 12.29c 316 O Fallon Casting (bottom right)

12 Fig. 12.32 319
Courtesy General Motors 
Corporation, Detroit, MI

12 Case Study 322 Courtesy Ronald Kohser
12

13 Fig. 13.1 325
Courtesy of United Engine & 
Machine Co., Carson City, NV

13 Fig. 13.8 331
Courtesy of Chicago White Metal 
Casting, Inc., Bensenville, IL

13 Fig. 13.11 334
Courtesy Machine Rebuilding 
Services, Milford, CT.

13 Fig. 13.14 335 Courtesy of ASARCO, Tuscon, AZ

13 Fig. 13.17 338
Courtesy Lectromelt Corporation, 
Pittsburgh, PA

13 Case Study13 344 Courtesy Ronald Kohser
23 Fig. 23.13
23 Fig. 23.3 641 Courtesy J T. Black
23 Fig. 23.19 656 Courtesy J T. Black
23 Fig. 23.2
23 Fig. 23.23 660 Courtesy J T. Black
24 Fig. 24.1a 666 Courtesy J T. Black
24 Fig. 24.2a 668 Courtesy J T. Black
24 Fig. 24.4 670 Courtesy J T. Black
24 Fig. 24.7 673 Courtesy J T. Black
24 Fig. 24.16

24 Fig. 24.17 682
Courtesy of Cincinnati Milacron, 
Inc., Cincinnati, OH

25 Fig. 25.3 689 Courtesy J T. Black
25 Fig. 25.4 690 Courtesy J T. Black
24 Fig. 24.8
25 Fig. 25.6



25 Fig. 25.7 697 Courtesy J T. Black (bottom)
25 Fig. 25.9 697 Courtesy J T. Black

25 Fig. 25.12d 700
Federal Broach Holdings LLC 1961 
Sullivan Drive Harrison MI 48625

25 Fig. 25.13 701

Courtesy The duMONT Company, 
LLC  is the sole owner of rights to 
this material and it does not 
infringe upon the copyright or 
other rights of anyone.

25 Fig. 25.14 702 Courtesy J T. Black
25 Fig. 25.15 703 Courtesy J T. Black
25 Fig. 25.18 707 Courtesy J T. Black

25 Fig. 25.19 710
Photograph courtesy of Gebr 
Boehringer GmbH

25 Fig. 25.2 711 Courtesy Apex Tools
25
25 Fig. 25.21a-c 710 Courtesy of DoAll Co. 

26 Fig. 26.2 717
Courtesy of Norton Abrasives/Saint 
Gobain

26 Fig. 26.8 720 Courtesy J T. Black
26 Fig. 26.9 721 Courtesy J T. Black
26 Fig. 26.24a-c 737 Courtesy J T. Black

26 Fig. 26.25 738
Courtesy of Norton Abrasives/Saint 
Gobain

26 Fig. 26.26 739 Courtesy J T. Black
30 Fig. 30.11 851 Courtesy Ronald Kohser

31 Fig. 31.1 860
Courtesy of Thermadyne 
Industries, Inc., St. Louis, MO

31 Fig. 31.5 865
Courtesy of Thermadyne 
Industries, Inc., St. Louis, MO

31 Fig. 31.17 877
Courtesy of Nelson Stud Welding 
Co, Elyria, OH (left)

31 Fig. 31.17 877
Courtesy of Nelson Stud Welding 
Co, Elyria, OH (center)

31 Fig. 31.17 877
Courtesy of Nelson Stud Welding 
Co, Elyria, OH (right)

31 Fig. 31.22
Courtesy of Air Reduction Company 
Inc., New York, NY

31 Fig. 31.25 883

Photo used with permission of The 
Lincoln Electric Company, 
Cleveland, OH

31 Fig. 31.26 885 Roger Tully /Getty Images, Inc.

32 Fig. 32.5 894
Courtesy Locheed Martin 
Corporation, Bethesda MD. (top)

32 Fig. 32.6 894 E. Paul DeGarmo (center)
32 Fig. 32.7 894 Courtesy Sciaky Inc., Chicago, IL. (bottom)

32 Fig. 32.8 896
Courtesy Taylor-Winfield 
Corporation, Youngstown, Ohio



32 Fig. 32.12
Courtesy of Koldweld Corporation, 
Willoughby, OH.

32 Fig. 32.13

32 Fig. 32.16 902
(Courtesy of Spinweld, Inc., 
Waukesha, WI). (top)

32 Fig. 32.17 902
(Courtesy of Spinweld, Inc., 
Waukesha, WI). (center)

32 Fig. 32.17 902
(Courtesy of Spinweld, Inc., 
Waukesha, WI). (center left)

32 Fig. 32.18a 903 Courtesy Ronald Kohser (center right)
32 Fig. 32.18b 903 Courtesy Ronald Kohser (bottom)
32 Fig. 32.2 907 Courtesy Ronald Kohser

33 Fig. 33.3 913

Courtesy of Hamilton Standard 
Division of United Technologies 
Corporation, Hartford, CT.

33 Fig. 33.4 914
Courtesy of Coherent, Inc., Santa 
Clara, CA.

33 Fig. 33.7 917
Courtesy of Coherent, Inc., Santa 
Clara, CA.

33 Fig. 33.16a 929 www.franklinbrazing.com (top)
33 Fig. 33.16 b 929 www.franklinbrazing.com (bottom)
34 Fig. 34 CS 956 Courtesy Ronald Kohser
34 Fig. 34.9
15 Fig. 15.3 388 Courtesy Ronald Kohser

15 Fig. 15.4 389
Courtesy of the Forging Industry 
Association, Cleveland, OH.

15 Fig. 15.7 392 Courtesy Ronald Kohser

16 Fig. 16.9 407
Courtesy of Erie Press Systems, 
Erie, PA

16 Fig. 16.12 409
Courtesy of the Forging Industry 
Association, Cleveland, OH

16 Fig. 16.15 412 ∏ Sergiy Goruppa/iStockphoto

16 Fig. 16.17 413
Courtesy of Ajax Manufacturing 
Company Euclid, OH.

16 Fig. 16.19 415
Courtesy of National Machinery 
Company, Tiffin, OH

16 Fig. 16.2 416
Courtesy of Ajax Manufacturing 
Company, Euclid, OH

16 Fig. 16.22 417
Courtesy of the Timken Company, 
Canton, OH (top)

16 Fig. 16.23 417
Courtesy of the Timken Company, 
Canton OH (bottom)

16 Fig. 16.24 418
Courtesy of Cincinnati Milacron, 
Inc., Cincinnati, OH

16 Fig. 16.27a 419  Alcoa Fastening Systems (left)

16 Fig. 16.27b 419
Courtesy of Allegheny Ludlum 
Steel Corporation, Pittsburgh, PA (right)

16 Fig. 16.3 422 Courtesy Ronald Kohser



16 Fig. 16.36 425
Courtesy of Danieli Wean United, 
Cranberry Township, PA. (center)

16 Fig. 16.46 429
Courtesy of National Machinery 
Co., Tiffin, OH

16 Fig. 16.47 430
Courtesy of National Machinery 
Co., Tiffin, OH. (top)

16 Fig. 16.48 30
Courtesy of National Machinery 
Co., Tiffin, OH. (bottom)

16 Fig. 16.49 431
Courtesy of National Machinery 
Co., Tiffin, OH. (top)

16 Fig. 16.5 431
Courtesy of National Machinery 
Co., Tiffin, OH. (bottom)

16 Fig. 16.54 433
 Alcoa Fastening Systems Magna-
Lok© 

16 Fig. 16.54 433
 Alcoa Fastening Systems Magna-
Lok© 

17 Fig. 17.2 441
Courtesy of Feintool Equipment 
Corp., Cincinatti, OH.

17 Fig. 17.4 442
Courtesy of Feintool Equipment 
Corp., Cincinatti, OH.

17 Fig. 17.6 443
Courtesy of Cincinnati 
Incorporated, Cincinnati, OH.

17 Fig. 17.8 444 E. Paul DeGarmo (top)

17 Fig. 17.9 444
Courtesy of Pacific Press 
Technologies, Mt. Carmel, IL. (bottom)

17 Fig. 17.13 446 Courtesy of Danly IEM, Ithaca, MI
17 Fig. 17.14
17 Fig. 17.15

17 Fig. 17.15 448
Courtesy of the Minster Machine 
Company, Minster, OH.

17 Fig. 17.2 450

17 Fig. 17.19 left 450
Courtesy of DiAcro Division, 
Acrotech Inc., Lake City, MN. (left)

17 Fig. 17.19 right 450
Courtesy of Cincinnati 
Incorporated, Cincinnati, OH. (right)

17 Fig. 17.21 451
Courtesy of Cincinnati 
Incorporated, Cincinnati, OH (top)

17 Fig. 17.26 454

Courtesy of Buffalo Machines, Inc., 
formerly known as Buffalo Forge, 
Lockport, NY

17 Fig. 17.33 457
Photo Courtesy of ACME Metal 
Spinning, Minneapolis MN

17 Fig. 17.43 463 E. Paul DeGarmo
17 Fig. 17.5 466 Courtesy Ronald Kohser (top)



17 Fig. 17.51 466

Courtesy of MetalForming 
magazine, a publication of PMA 
Services, Inc., for the Precision 
Metalforming Association, 
Independence, OH; 
www.metalformingmagazine.com (bottom)

17 Fig. 17.57 475
Courtesy of Blow Press Ltd., 
Guelph, Ontario, Canada

17 Fig. 17.6

17 Fig. 17.58
Courtesy Allsteel, Salaberry-de-
Valleyfield, Canada

17 Fig. 17.61 476
The Baird Machinery Corporation 
Thomaston CT 06787

17 Fig. 17.63 477
The Baird Machinery Corporation 
Thomaston CT 06787

17 Fig. 17.00CS Need to find source/credit info. 

18 Case Study 506

Photos Courtesy of Metal Powder 
Industries Federation, Princeton, 
NJ 08540

17

18 Fig. 18.3 486
Courtesy Cincinnati Incorporated, 
Cincinnati, OH.

18 Fig. 18.13 495
Courtesy of Megamet Solid Metals, 
Inc., St. Louis, MO.

18 Fig. 18.14 496
Courtesy of GKN Sinter Metals, 
Auburn Hills, MI. (top)

18 Fig. 18.15 496

Photos Courtesy of Metal Powder 
Industries Federation, Princeton, 
NJ 08540 (bottom)

18 Fig. 18.18 501 Courtesy of PTX-Pentronix, Inc.
27 Fig. 27.9 757 Courtesy J T. Black
27 Fig. 27.11 762
27 Fig. 27.12 761 Courtesy J T. Black

27 Fig. 27.13
Courtesy of Huron Machine 
Products.

27 Fig. 27.15
From Manufacturing Engineering, 
January, 1984

27 Fig. 27.19 767 Courrtesy ITW Workholding (top)
27 Fig. 27.22 768 Courtesy J T. Black
28 Fig. 28.3 779 Courtesy J T. Black
28 Fig. 28.12 791 Courtesy J T. Black
28 Fig. 28.13 792 Courtesy J T. Black
35 Fig. 35.2 962 Courtesy J T. Black (top)
35 Fig. 35.3 962 Courtesy of DoAll Co. (bottom)
35 Fig. 35.4 963 Courtesy of DoAll Co. 

35 Fig. 35.13 974
Images Courtesy of L.S. Starrett, 
Co. (bottom left)

35 Fig. 35.2 978
Courtesy of Mitutoyo America 
Corporation, Aurora, IL



35 Fig. 35.28 984 Courtesy J T. Black

35 Fig. 35.3 985
Image Courtesy of Hexagon 
Metrology, Inc.

35 Fig. 35.34 987
Image Courtesy of Hexagon 
Metrology, Inc.

35 Fig. 35.35 988
Image Courtesy of Hexagon 
Metrology, Inc.

35 Fig. 35.36 988
Images Courtesy of The L.S. 
Starrett, Co. (center left)

35 Fig. 35.39 989
Images Courtesy of The L.S. 
Starrett, Co.

37 Fig. 37.3 1034 Courtesy J T. Black
37 Fig. 37.4 1035 Courtesy J T. Black (top)
37 Fig. 37.5 1035 Courtesy J T. Black (bottom)

37 Fig. 37.7

B.W. Kruszynski and C.W. 
Cuttervelt, Advanced 
Manufacturing Engineering, Vol. 1, 
1989

37 Fig. 37.15 1044
Courtesy of Norton Abrasives/Saint 
Gobain

37 Fig. 37.21 1057
Images Courtesy of The L. S. 
Starrett, Co.

38 Fig. 38.14 1082 Courtesy J T. Black
35 Fig. 35.17
39 Fig. 39.2 1089 Courtesy J T. Black
39 Fig. 39.3 1090 Courtesy J T. Black
39 Fig. 39.4 1093 Courtesy J T. Black
39 Fig. 39.7 1096 Courtesy J T. Black
39 Fig. 39.1 1101 Courtesy J T. Black
39 Fig. 39.14 1106 Courtesy J T. Black

39 Fig. 39.16 1109
Courtesy of FANUC Robotics 
America Corporation.

39 Fig. 39.17 1110 Courtesy J T. Black
39 Fig. 39.18 1111 Courtesy J T. Black (top)

39 Fig. 39.19 1111
Courtesy of FANUC Robotics 
America Corporation. (bottom)

40 Fig. 40.1 1121 Courtesy J T. Black
40 Fig. 40.16 1137 Courtesy J T. Black
40 Fig. 40.18 1139 Courtesy J T. Black
14 Fig. 14.1 354 Photo by Rachel Goldstein
14 Fig. 14.11 355 E. Paul DeGarmo

14 Fig. 14.16a 359
Courtesy of Farrel-Birmingham 
Company, Inc. Ansonia, CT.

14 Fig. 14.22 Courtesy of Rohr Inc./Goodrich



14 Fig. 14.28 372

From Advanced Materials & 
Processes magazine, Jan. 1991, 
Vol. 139, Issue 2,, a publication of 
ASM International©.  All rights 
reserved. 
www.asminternational.org

16 Fig. 16.57 434 E. Paul DeGarmo

16 Fig. 16.58a 435
Courtesy Monaghan & Associates, 
Inc., Dayton, OH. (left)

16 Fig. 16.58b 435
Courtesy Monaghan & Associates, 
Inc., Dayton, OH. (right)

25 Fig. 25.22 713
39 Fig. 39.1 1087 Courtesy J T. Black

12 Fig. 12.1 297
Courtesy of Dietert Foundry Testing 
Equipment Inc., Detroit, MI

16 Fig. 16.1 400
Courtesy of the American Iron and 
Steel Institute, Washington, D.C.

16 Fig. 16.51 432
23 Fig. 23.9
23 Fig. 23.1 Courtesy J T. Black

23 Fig. 23.16 655
Image provided by Jacobs Chuck, 
Apex Tool Group, Sparks, MD

23 Fig. 23.21b 661
23 Fig. 23.23 662 Courtesy J T. Black
25 Fig. 25.4 692 Courtesy J T. Black
23 Fig. 27.19
25 Fig. 25.12 a 702 Courtesy J T. Black (top)
25 Fig. 25.12 b 702 duMont (center)
25 Fig. 25.12 d 702 Courtesy J T. Black

25 Fig. 25.13
Courtesy of the DuMont 
Corporation

27 Fig. 27.24 770
Courtesy of Dunham Tool 
Company, Inc.

32 UN Case Study 909
∏ Universal Images Group 
Limited/Alamy

35 Fig. 35.12 974
Images Courtesy of The L. S. 
Starrett, Co. (top)

35 Fig. 35.14 974 Courtesy J T. Black (bottom right)
35 Fig. 35.15 975 Courtesy J T. Black
35 Fig. 35.16 975 Courtesy J T. Black
35 Fig. 35.16 Courtesy J T. Black

35 Fig. 35.18 976
Images Courtesy of The L. S. 
Starrett, Co. (bottom)

35 Fig. 35.19 977 Courtesy J T. Black
35 Fig. 35.21 979 Courtesy J T. Black

35 Fig. 35.32 987
Image Courtesy of Hexagon 
Metrology, Inc. (top left)



35 Fig. 35.33 987
Image Courtesy of Hexagon 
Metrology, Inc. (top right)

35 Fig. 35.37 988
Images Courtesy of The L. S. 
Starrett, Co.

35 Fig. 35 991
Images Courtesy of The L. S. 
Starrett, Co.

40 Fig. 40.15 1138
Courtesy of Cincinnati Milacron, 
Inc., Cincinnati, OH

19 Fig. 19.2 510

Cutting Tool Engineering, 
December 1989.  Reprinted with 
Permission.

19 Fig. 19.8a 515 Courtesy O'Fallon Casting (right)
19 Fig. 19.8b 515 Courtesy O'Fallon Casting (left)

19 Fig. 19.12 518
Courtesy of Mr. C. S. Huskamp, St. 
Louis, MO

19 Fig. 19.15 520 Arcam AB
19 Fig. 19.17 521 Courtesy of Z Corporation
19 Fig. 19.2 525 (no credit) (left)

19 Fig. 19.21 525
Courtesy of Mr. C. S. Huskamp, St. 
Louis, MO (right)

19 Fig. 19-22 527 Arcam AB

41 Fig. 41.4 1148

Source:  Semiconductor Processor 
Overview, (c) 2008, Texas 
Engineering Extension Service.  
www.teex.org

42 Fig. 42.4 1187
Photo Courtesy of South Bend 
Lathe Co.

42 Fig. 42.7
Courtesy of TRW-Greenfield Tap & 
Die Kennametal

42 Fig. 42.8a 1189
Courtesy of Greenfield Industries 
Geometric Tool (top left)

42 Fig. 42.8b Warner & Sawsey Company

42 Fig. 42.8b 1193
Bourn & Hoch Inc., Owner of the 
Acme product line (right)

42 Fig. 42.9
Courtesy of TRW-Greenfield Tap & 
Die  Kennametal

42 Fig. 42.1
Courtesy of TRW-Greenfield Tap & 
Die Kennametal

42 Fig. 42.11
Solid-adjustable and collapsible 
taps.

42 Fig. 42.08 1194
Copyright (c) 2011 Penton Media, 
Inc.

42 Fig. 42.16 1204
Image Courtesy of Hexagon 
Metrology, Inc.

42 Fig. 42.21
Courtesy of Apex Broach and 
Machine Company

42 Fig. 42.17 1205
Bourn & Kouch Inc., Owners of the 
Fellows Product Line



42 Fig. 42.18 1206
Bourn & Kouch Inc., Owners of the 
Fellows Product Line

42 Fig. 42.19 1208
Bourn & Hoch Inc., owner of the 
Barber Colman product line

42 Fig. 42.25
Courtesy of Landis Machine 
Company

42 Fig. 42.26
National Broach and Machine 
Company

42 Fig. 42.21 1212 Courtesy E. Paul DeGarmo (top)

42 Fig. 42.22 1212
Courtesy of Magnaflux a division of 
Illinois Tool Works, Inc. (bottom)

43 Fig. 43.4 1220
Courtesy of Magnaflux a division of 
Illinois Tool Works, Inc.

43 Fig. 43.7 1223 Used with Permission of Kodak


